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Abstract. Kilometric-resolution Ensemble Prediction Systems (EPSs) will be the new state-of-the-art forecast-
ing tools for short-range prediction in the following decade. Their value will be even greater in Antarctica due
to the increasingly demanding weather forecasts for logistic services. During the 2018–2019 austral summer
(1 December–31 March), coinciding with the Southern Hemisphere Special Observation Period of the Year of
Polar Prediction (YOPP), the 2.5 km AEMET-γ SREPS was operationally integrated over the Antarctic Penin-
sula. In particular, the Antarctic version of γ SREPS comes up with crossing four non-hydrostatic convection-
permitting NWP models at 2.5 km with three global NWP driving models as boundary conditions. The γ SREPS
forecasting system has been validated in comparison with ECMWF EPS. It is concluded that γ SREPS has an
added value to ECMWF EPS due to both its higher resolution and its multi-boundary conditions and multi-NWP
model approach. γ SREPS performance has a positive impact on logistic activities at research stations and its
design may contribute to polar prediction research.
1 Introduction
Logistic actors play a decisive role in Antarctica. They pro-
vide essential services to research community such as flights,
vessels, and small boats in order to distribute scientists on
the field. Furthermore, they offer residence to the scientists
in Antarctic stations or camp sites, and sometimes even help
scientists with their equipment. Most of their activities de-
pend on skillful predictions (Bromwich et al., 2020; Jung et
al., 2016; Powers et al., 2003), which are crucial, especially
during medical emergencies (Monaghan et al., 2003; Powers
et al., 2012). Those services are often provided by national
meteorological services. Particularly, the Spanish Meteoro-
logical Agency (AEMET) has been commissioned to provide
weather forecasts for the Spanish stations in Antarctica.
Antarctic Peninsula, where the Spanish Juan Carlos I
(JCI) research station is located, is strongly influenced by
the Antarctic circumpolar trough and the quasi-stationary
Amundsen–Bellingshausen Seas Low (Gonzalez et al., 2018;
Hosking et al., 2013). It generates during summer, secondary
lows and sometimes mesoscale cyclones, which usually cross
northwest to southeast the region. Moreover, the complex
orography of the island where the station is located, strongly
modifies the usually stable low-level flows. As a consequence
of these local scale interactions, weather conditions may dif-
fer substantially from one side of the island to the other.
This is a great challenge for the weather forecasters who pro-
vide meteorological information to different users at different
places. In the recent years, scientists at JCI has been increas-
ingly adventuring further from the main station in order to
expand their research. This conflicts with the growing con-
cern about the risks involved in increased human activities in
Antarctica (Dawson et al., 2017). In order to ensure the safety
and security of the scientific expeditions, and to maximize
their schedule, more demanding, specific and precise weather
forecasts are requested. However, the low density of weather
observations assimilated in most of the Southern Hemisphere
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reduces the performance of the numerical weather prediction
(Bromwich et al., 2020; Jung et al., 2016).
To fulfill this requirement, during the Spanish Antarctic
campaign 2018–2019, AEMET tested and used operationally
the recently developed high-resolution Ensemble Predic-
tion System (EPS) AEMET-γ SREPS (hereafter γ SREPS;
Fig. 1). γ SREPS improves the confidence in the forecast
by giving an uncertainty to the short-term forecasts. In
this article, we present and describe the Antarctic version
of γ SREPS that is, as far as the authors know, the first
convection-permitting LAM-EPS that operationally run at
the continent. Other operational EPS run over the continent.
The AMPS ensemble is widely used in Antarctica. It has 15
members and runs at 24 and 8 km resolution in a domain that
extends to the entire continent (Bromwich and Powers, per-
sonal communication, 2019; freely accessible to real-time
forecasts trough https://www2.mmm.ucar.edu/rt/amps/, last
access: 19 September 2020). Unlike AMPS, γ SREPS has a
higher resolution but its domain is limited to the Antarctic
Peninsula and Drake Passage. Here, we evaluate the avail-
able probabilistic forecasting tools of the Spanish forecast-
ers during the campaign 2018–2019, i.e ECMWF EPS and
γ SREPS. We show an objective validation of the ensembles
and one case study where γ SREPS successfully helped the
weather forecaster on duty in the decision-making process.
2 The AEMET-γSREPS
The AEMET-γ SREPS (Frogner et al., 2019; Quintero Plaza
and García-Moya Zapata, 2019; Santos, 2018) is a multi-
boundary conditions (BC) and multi-model (NWP) kilo-
metric resolution LAM-EPS, which currently runs over the
Iberian Peninsula, Canary islands and the Antarctic Penin-
sula. In the Antarctic version, the integration area is cen-
tered on Livingston Island (Fig. 2) with 565× 469 grid
points in a lambert-conformal conical projection. It has a
horizontal resolution of 2.5 km and 65 vertical levels. The
multi-boundaries approach deals with the initial and lat-
eral boundary sources of uncertainty taking the boundary
conditions (BC) from three Meteorological Centers that
execute global NWP models (centre/NWP): ECMWF/IFS,
NOAA-NCEP/GFS and Canadian CMC/GEM. The BC are
taken from global deterministic models integrated 12 h be-
fore γ SREPS cycle. That means that the 12 h global fore-
cast are used as initial conditions in γ SREPS. Multi-
model technique addresses the model errors and uncer-
tainties executing 4 different LAM-NWP models (cen-
tre or consortium/NWP): HIRLAM/HARMONIE-AROME,
ALADIN/ALARO, NOAA-NCAR/WRF-ARW and NOAA-
NCEP/NMMB (Fig. 1). As a result of using each of the 3
BCs to integrate each one of the 4 mesoscale LAM-NWP
models, γ SREPS is constituted by 12 members (Fig. 1). The
main technical features of γ SREPS, the 3 global driver NWP
models and the 4 regional NWP models are described in Ta-
ble 1. Notice that overall settings of γ SREPS NWP mod-
els and their parametrizations have not changed with respect
the 20 members over the version that runs over the Iberian
Peninsula. Nonetheless, it is believed that the impact of these
general settings is limited during the summer season at the
Antarctic Peninsula when temperatures are mild. Indeed, set-
tings of the γ SREPS NWP models are similar to those used
in the North Hemisphere in high latitudes, e.g. HARMONIE
over the Scandinavian countries.
The 2018–2019 Spanish Antarctic campaign took place
from 15 December until 31 April coinciding with the South-
ern Hemisphere Special Observation Period (SH-SOP) of the
Year of Polar Prediction (YOPP) (Bromwich et al., 2020).
Throughout most of this period, the γ SREPS Antarctic ver-
sion was integrated at 00:00 UTC up to 48 h in a domain
showed in Fig. 2. Qualitative and quantitative verification
and case studies over the Iberia Peninsula (not shown) in-
dicate that, in general, multi-model γ SREPS performs bet-
ter than other ensemble designs such as the multi-physics
EPSs and the unimodel LAM-EPS using SPPT stochas-
tic parametrizations. Compared to them, γ SREPS shows
higher consistency, reliability, spread-skill ratios and thresh-
old skills. However, the variable meteorological conditions
over Antarctica may have distinct impacts on the different
short-range EPS designs that should be investigated.
3 Objective validation
Forecast verification is essential for monitoring model per-
formance and eventually improving the accuracy of the
model (Ebert et al., 2013). A verification was performed dur-
ing the period comprised between 1 January to 28 March
2019. We compared the 00:00 UTC cycles of the two EPS
used by the weather forecasters during the campaign: the
global 50-member ECMWF EPS (16 km horizontal resolu-
tion) with the regional 12-members γ SREPS (2.5 km hori-
zontal resolution). For this purpose, we used the synoptic sur-
face observations at 00:00 and 12:00 UTC of 12 stations re-
trieved from ECMWF MARS (Meteorological Archival and
Retrieval System) (Fig. 2), totalizing 950 observations for
each lead time. One of the challenges of objective verifi-
cation over the Antarctic Peninsula is the few numbers of
available observations which are clustered around the inter-
national Antarctic stations and do not cover the Southern
Ocean.
The verification was performed using the HIRLAM-
ALADIN R package (harp) for verification (available at
https://github.com/andrew-MET, last access: 19 September
2020). A summary of the verification of the more significant
parameters verified is shown in Table 2. In this article we
discuss the 2 m temperature (T2m), 10 m wind speed (S10m)
and visibility (vis) (Fig. 3). The last two variables are par-
ticularly important to consider for the groundwork activities
at the research stations. However, the verification scores for
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Figure 1. The AEMET-γ SREPS system, with the 12 members running during Antarctic campaign. Not available members could be included
in future campaigns. The figures show synoptic charts of temperature at 850 hPa of each member.
Figure 2. Full area of simulation of the Antarctic version of
γ SREPS showing the 12 surface observation stations (yellow
points) used for the objective verification. Red rectangle shows the
domain plotted in Fig. 5.
other variables can be consulted in the Supplement. Figure 3
shows the spread-skill relationships, the rank histograms at
the forecast time H+36 and the continuous ranked proba-
bility score (CRPS). The spread and skill inform about EPS
consistency: the closer the spread of the ensemble forecast
and the error in the ensemble mean (the skill), the better.
The rank histogram provides information about the distribu-
tion of the ensemble forecast showing biases, lack of vari-
ability or overspread in the ensembles (Hamill, 2001): the
flatter the histogram, the better. The CRPS express the dis-
tance between the probabilistic forecast and the value ob-
served (Hersbach, 2000): the closer to zero the better.
The temperature at 2 m is a basic surface verification vari-
able but not very important for safety and security at the
summer season stations over the Antarctic Peninsula. In this
season, temperatures are mild at South Shetland Islands.
γ SREPS probabilistic T2m forecast skill in terms of CRPS
is slightly worse than ECMWF EPS (Fig. 3c). This is pro-
duced by a cold bias observed in γ SREPS (Table 2, Fig. 3b).
The cold bias is easily explained because 9 of the 12 syn-
optic stations in γ SREPS are over the sea and not over the
land meanwhile in the ECMWF EPS all these grid points
have some fraction of land. If the land-sea mask of the EPSs
were considered, only 3 stations remain in both EPS strictly
over land to do the verification. In consequence, it was de-
cided not to apply masks keeping 12 stations. Anyway, the
γ SREPS T2m spread-skill ratio is better than ECMWF EPS
(Table 2) due to a significant increase in spread although the
skill is worse penalized by the sea cold bias. In fact, ECMWF
EPS is under-dispersive and does not manage to represent the
observation extremes.
The wind speed is one of the most important variables for
station and groundwork operations, which depends strongly
on its intensity. Forecast wind speeds shows in both EPSs
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Table 1. Some main features and some references of γ SREPS, the 3 Global driver NWP models and the 4 LAM-NWP models. Ver is
the NWP model version, hr is the approximate horizontal resolution, vlev is the vertical resolution, ass is assimilation technique, prj is the
projection, ts the time step in seconds. Note that in global models we indicate the resolution used.
γ SREPS NWP model Main features/references
γ SREPS general Non-hydrostatic convection-permitting regional EPS
configuration Initial and boundary conditions: next 3 Global NWP models every 3 h; 12 h forecast
as initial conditions; 8 relaxations point for boundary conditions around domain
Assimilation: none, cold start
Model errors/uncertainties: multi-model from next 4 LAM-NWP models;
no stochastic parameterizations or multi-physics applied
hr: 2,5 km, vlev: 65 (+7 in WRF and NMMB tops)
domain: ∼ 1400× 1200 km (565× 469 grid points)
radiation: updated every 15 min
Global NWP models IFS (ECMWF) hr: 9 km, vlev: 137 hybrid (114 used), ass: EDA-4DVAR
(https://www.ecmwf.int/, last access: 19 September 2020)
GFS (NCEP) hr: 25 km, vlev: 48 isobaric (42 used), ass: 3DVAR
(https://www.ncep.noaa.gov, last access: 19 September 2020)
GEM (CMC) hr: 25 km, vlev: 28 isobaric (28 used), ass: 4DVAR
(https://collaboration.cmc.ec.gc.ca/, last access: 19 September 2020)
Limited Area HARMONIE ver: 40h.1.1, vlev: hybrid sigma-pressure, prj: Lambert, ts: 60 s
NWP models (http://hirlam.org/, last access: 19 September 2020, and
http://hirlam.org/index.php/hirlam-programme-53/general-model-description/,
last access: 19 September 2020; Bengtsson et al., 2017)
ALARO ver: 40h.1.1, vlev: hybrid sigma-pressure, prj: Lambert, ts: 60 s,
note: convection is parameterized with 3MT
(http://www.umr-cnrm.fr/aladin/spip.php?article129, last access: 19 September 2020;
Termonia et al., 2018)
WRF ver: 3.6.1, vlev: sigma, prj: Lambert, ts: 12 s
(https://ncar.ucar.edu/, last access: 19 September 2020, and
https://www.mmm.ucar.edu/weather-research-and-forecasting-model,
last access: 19 September 2020; Skamarock et al., 2008)
NMMB ver: 1.1, vlev: hybrid sigma-pressure, prj: rotated long/lat, ts: 5.626 s
(https://dtcenter.ucar.edu/nems-nmmb/users/, last access: 19 September 2020;
Janjic and Gall, 2012)
an underdispersive behavior in rank histograms (Fig. 3e). It
is more pronounced in ECMWF EPS (Fig. 3d) meaning that
γ SREPS misses less strong wind events. The smoothed re-
lief of the ECMWF EPS with 18 km of horizontal resolution
implies less influence of orographic winds. Skill is similar
in both EPS, but slightly better for γ SREPS as it could be
interpreted from CRPS (Fig. 3f) and ensemble mean RMSE
(Fig. 3d).
Another critical parameter for groundwork operations, es-
pecially on the glacier, is visibility. Reduced visibility and
whiteout prevent a clear view of the crevasses and it is a
hazard to the scientists that work on the glacier. γ SREPS
provides a great improvement for visibility with respect
ECMWF EPS with a significant better CRPS (Fig. 3i) and
spread-skill relationship (Fig. 3g). The latter with a remark-
able reduction of the ensemble mean RMSE. Nonetheless
γ SREPS is overdispersive (Fig. 3h, g). This excessive spread
is probably a consequence of the use of 4 different diagnos-
tics of visibility in each one of the 4 LAM-NWP. In spite
of the γ SREPS overdispersion, the over-forecast of low vis-
ibility cases is clearly an improvement for forecasters with
respect to ECMWF EPS where they are entirely missed.
Overall γ SREPS verifies better than ECMWF EPS (Ta-
ble 2) adding value to the forecasts as subjectively high-
lighted by forecasters. The added value is especially ob-
served for those important variables for safety and security in
Antarctic operations. This indicates a potential added value
of γ SREPS over global EPSs, as showed and discussed by
Frogner et al. (2019) for HarmEPS. Some specific conclu-
sions from Table 2 are: the spread-skill ratio of γ SREPS is
better than ECMWF EPS due to its increase on spread, Brier
Score and Bias are worse for γ SREPS which could be related
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Table 2. Verification scores summary comparing γ SREPS versus ECMWF EPS. Color key: blue, γ SREPS quite better than ECMWF EPS;
light blue, slightly better; white, similar performance; grey, ECMWF EPS quite better than γ SREPS and light grey, slightly better. The
parameters verified are mean sea level pressure (Pmsl), 2 m temperature (T2m), 2 m specific humidity (Q2m), 10 m wind speed (S10m),
visibility (Vis) and total cloud cover (CCtot). The verification scores are spread-skill ratio, Continuous Ranked Probability Score (CRPS),
Rank Histogram, BIAS, Reliability, Relative Operating Characteristic (ROC) and its area (ROCA), Brier Score (BS) and Skill Brier Score
(BSS) and relative (or economic) values. The leadtimes used for parameters are: 12, 24, 36 and 48 h. The thresholds for parameters where
used to elaborate the last 4 scores of the table are:−5, 0, 5 and 10 ◦C for T2m; 10, 20, 40, 60, 90 and 120 km h−1 for S10m; 200, 1000, 5000
and 9999 m for Vis.
to double penalty issue for its higher horizontal resolution
(2,5 km instead of 18 km), but CRPS indicates that the over-
all probability forecast is better and ROC/ROCA shows the
γ SREPS potential improvement without bias which could
be achieved through calibration of parameters. The main
limitation for ECMWF EPS looks to be its underdispersion
meaning that it does not manage to represent the observa-
tion extremes. The higher resolution of γ SREPS is proba-
bly the main key for its better performance, but it could be
argued that its multi-boundary and multi-NWP model ap-
proaches play a role as well, dealing better with synoptic and
mesoscale uncertainties.
4 Case study
Apart from objective validation, it is necessary to collect a
compilation of case studies in order to subjectively evaluate
the operational use of the models. There are multiple exam-
ples of case studies of high impact weather at populated areas
of the world, but there are little focused on Antarctica. Maybe
the most paradigmatic case study made in the continent is the
analysis of Monaghan et al., (2003), who evaluated the per-
formance of different forecasting model systems in the res-
cue of Dr. Ronald Shemenski from South Pole in 2001. Here,
we show the performance and operational use of γ SREPS
during a low-level clouds event on 5 March 2019. Low-level
clouds can interfere with the normal developing of the ac-
tivities over the Hurd Glacier (e.g. Osmanoglu et al., 2014;
Recio-Blitz et al., 2018) next to the Spanish Antarctic station
Juan Carlos I (JCI) since they are associated with poor visi-
bility that can blur the crevasses on the glacier. Therefore, an
accurate prediction of the presence or absence of this kind of
clouds is critical for the station activities.
4.1 Synoptic setting and forecasting problem
The synoptic conditions on 5 March 2019 were characterized
by cyclonic conditions at the northern tip of the Antarctic
Peninsula (Fig. 4). This structure is similar to the Low over
the Drake Passage pattern in Gonzalez et al. (2018). The po-
sition of the low west to the South Shetland Islands produced
a warm and moist advection to the area of study (Fig. 4a).
This favored low-level clouds and fog over the area (Fig. 4b)
which may restrict the visibility on the Hurd Glacier (next
to JCI station) where some scientists develop their activi-
ties. The main challenge was to forecast whether the northern
glacier would block the low-level stratus or these clouds had
been able to overrun it and affect the Hurd Glacier with a
pronounced visibility reduction.
4.2 Mesoscale effects and the added value of γSREPS
Figure 5 shows a comparison between the two EPSs used by
the weather forecasters during the campaign. Figure 5a and b
show the probability of visibility below 5000 m forecasted
by both EPS at 5 March 2019 00:00 UTC+15:00. Although
both EPSs show a north-to-south visibility gradient, it is less
pronounced for the ECMWF EPS compared with γ SREPS.
Indeed, ECMWF EPS indicates a probability of 70 %–80 %
of visibility below 5000 m at the northern side of the island,
and around 60 % over the Hurd Glacier. In contrast, γ SREPS
shows probability values over 90 % at the northern side of the
island, and much lower values of 10 %–20 % over the Hurd
Glacier.
In Fig. 5c and d are represented the probability of ceiling,
which is the height of the base of the lowest layer of clouds
that covers more than 4 octas, below than 1000 ft (305 m).
In this case the maximum probability values of the ECMWF
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Figure 3. Surface objective verification of γ SREPS system compared with ECMWF IPS for (a, b, c) 2 m temperature, (d, e, f) 10 m wind
speed and (g, h, i) visibility. The scores shown are (a, d, g) spread-skill relationship [the continuous line indicates the RMSE and the dashed
line indicates the Spread], (b, e, h) rank histograms at 36 h forecast and continuous rank probability score (c,f,i).
Figure 4. (a) 925 hPa wind and temperature and, (b) mean sea level pressure and surface visibility simulated by ECMWF IFS on 5 March
2019 00:00 UTC+15:00. The red circle indicates the position of the Hurd Glacier.
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Figure 5. Probability of (a, b) visibility below 5000 m and (c, d) ceiling below 305 m simulated by (a, c) ECMWF IFS ENS and
(b, d) AEMET-γ SREPS on 5 March 2019 at 00:00 UTC+15:00. The red circle indicates the position of the Hurd glacier and the domain
plotted can be seen in Fig. 2.
EPS are located over the island, showing probability values
of 80 %–90 % over the Hurd Glacier. ECMWF EPS might be
simulating a cap cloud over the terrain due to the model orog-
raphy is not high enough to block the clouds on the northern
side. In contrast, γ SREPS shows a blocking pattern in the
northern side, forecasting less than 10 % probability of ceil-
ing below 1000 ft over the Hurd Glacier.
These differences evidence the better representation of the
orography in the γ SREPS system with 2.5 km horizontal res-
olution. γ SREPS was able to properly simulate the lee-side
reduction of low-level clouds and increase of visibility and
was instrumental for the forecaster guidance. The presence of
Tangra Mountains (1700 m maximum height) at the eastern
side of the island and the difference between the output of the
two EPSs suggested that blocking effects were important on
that day. Considering the better representation of the orogra-
phy on γ SREPS, the weather forecaster considered that con-
ditions would be good enough to develop scientific activities
in the area.
4.3 Impact of the forecast on operations
Using the guidance of AEMET-γ SREPS, the weather fore-
caster on duty suggested to carry out the research activities
over the glacier which was observed to be appropriate. Fi-
nally, mountain waves developed over the Southern Bay and
Hurd Peninsula, leeside of the northern arm of the Livingston
Island (Fig. 6). Clouds and precipitation likely accumulated
in the northern parts of the island. In this case study clearly
the higher resolution of γ SREPS, with better orographic rep-
resentation of the mountainous islands and terrains of the
Antarctic Peninsula, was a key factor and an added value with
respect ECMWF EPS.
5 Concluding remarks
This article describes the forecast performance of the opera-
tional LAM-EPS AEMET-γ SREPS, used in Antarctica dur-
ing the 2018–2019 summer season. The period coincided
with the Year of Polar Prediction, which promotes the im-
provement in the prediction capabilities for the polar regions
(Bromwich et al., 2020; Jung et al., 2016). During the cam-
paign the EPS used 12 members, constituted by 3 different
boundary conditions and 4 different mesoscale LAM-NWP
models. γ SREPS improves subjectively (case studies) and
objectively (verification) the forecast skill for all the differ-
ent variables studied, except sea level pressure, with respect
ECMWF IFS EPS. It also increases the generally low spread
of ECMWF EPS. Its multi-boundaries and multi-model de-
sign contributes, at least in part, to the increased spread.
However, spread is excessive with respect to the visibility,
yielding sometimes to over-predict low-visibility events. It
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Figure 6. Mountain waves occurred at Southern Bay in Livingston Island on 5 March 2019 from the Hurd Glacier. Notice that conditions of
visibility and ceiling on the glacier are good as predicted by γ SREPS. Photography courtesy of Tina Santl-Temkiv.
has been observed that kilometric-resolution models have
a positive impact on forecast skill in Antarctica, specially
where the flow is influenced by the orography (Bromwich
et al., 2005). Similarly, kilometric-resolution EPSs increase
the ability to make detailed predictions and represent lo-
cal uncertainties in the short-range forecasts, which have
a large impact in the decision-making process for logistic
and management of Antarctic activities. Last but not least,
the multi-BC and multi-NWP configuration of γ SREPS is
suitable to study the source of the uncertainties of polar
prediction in the Antarctic region, allowing the possibility
to evaluate the outputs segmented by BC (synoptic and α-
mesoscale uncertainties) and NWP (β-mesoscale uncertain-
ties) similarly to Bromwich et al. (2013). Currently, γ SREPS
is running during the austral summer Spanish Antarctic Cam-
paigns (1 December–31 March). It is expected to continue for
next campaigns, maybe increasing the number of members in
order to improve the forecasts and consequently making JCI
activities safer.
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